Cervical ripening is necessary for successful delivery. As cytokines are believed to be 2 involved in this process, the aim of this study was to investigate possible changes in the 3 mRNA and protein expression of pro-inflammatory (interleukin (IL)-1α, IL-1β, IL-12, IL-18) 4 and anti-inflammatory (IL-4, IL-10, IL-13) cytokines in the human cervix during pregnancy, 5 term and preterm labor. Cervical biopsies were taken from 59 women: 21 at preterm labor, 24 6 at term labor, 10 at term not in labor and 4 from non-pregnant women. mRNA was analyzed 7 with real-time RT-PCR and protein expression and/or secretion with immunohistochemistry 8 and ELISA. There was an upregulation of mRNA for IL-10, IL-13, IL-1α and IL-1β in the 9 laboring groups, while mRNA for IL-12 and IL-18 was downregulated (p<0.05). IL-4 mRNA 10 was detected more frequently, while IL-12 mRNA expression was lower, in the preterm labor 11 group than in the term labor group (p<0.05). The protein levels of IL-4 and IL-12 were lower 12 and IL-18 tended to be higher in the labor groups, while IL-10 protein levels were unaffected 13 by labor. IL-4 protein levels were significantly higher in the preterm subgroup with bacterial 14 infection than in the non-infected group (p<0.05). IL-10 had higher expression in squamous 15 epithelium at preterm labor than at term (p<0.05). In conclusion, the major changes in pro-16 inflammatory and anti-inflammatory cytokine mRNA and protein expression in cervix occur 17 during the labor process irrespective of the length of gestation. However, our results indicate 18 that dysregulation of anti-inflammatory cytokines in the human cervix could be involved in 19 the pathogenesis of preterm labor. 20 21
For many years, a healthy pregnancy was described as a T helper (Th)-2 phenomenon while 10 Th1 cytokines were believed to be harmful to pregnancy outcome (Wegmann et al. 1993 ; 11
Raghupathy 1997). This concept has now developed further and nowadays a complex and 12 dynamic cytokine balance is considered to prevail during gestation (Chaouat 2007). Although 13
Th1 type of responses are associated with spontaneous abortions and reproductive failure, 14 they also dominate early during the peri-implantation period as well as during labor (reviewed 15 in (Raghupathy and Kalinka 2008) ). IL-12 and IL-18 are important in regulating natural killer 16 cell activities in early pregnancy, and are considered important for reproductive success. 17
However, altered levels of these cytokines can be hazardous as higher circulating IL-12 levels 18 in maternal blood have been described in preeclampsia and in preterm delivery ( IL-10 can be considered as a regulatory cytokine. In relation to pregnancy, it decreases 24 production of pro-inflammatory cytokines such as IL-8, IL-6, TNF-α, IL-1β (Fortunato et al. 25 A cervical biopsy was taken as described previously (Dubicke et al. 2008 ) and divided into 1 three pieces. The samples for mRNA analysis were immediately immersed in RNAlater ® 2 (Ambion Inc, Austin, TX, USA), kept at 4 o C for 24 hours and thereafter frozen and stored 3 at --70 o . The samples for protein analysis were immediately frozen and stored at -70 o C. The 4 biopsies for immunohistochemistry were rinsed in physiological saline solution and 5 fixed in a 4% formaldehyde solution for a maximum of 24 hours, thereafter dehydrated 6 in 70% ethanol solution and embedded in paraffin. 7
Not all subsequent analyses could be performed on all 59 women, due to the limited amount 8 of tissue retrieved from some of the women. 9
Tissue homogenization and extraction of RNA 10
Tissue homogenization was carried out using a dismembranation apparatus (Retsch KG, 11
Haan, Germany) and was followed by either RNA or protein extraction. 12
Total RNA was extracted using the Trizol reagent (Invitrogen, Carlsbad, CA, USA) according 13 to the manufacturer's instructions. 14
Treatment with DNAse and reverse transcription (RT) 15
The concentration of total RNA obtained was determined employing NanoDrop TM 1000 16 Spectrophotometer (Thermo Scientific, Waltham, MA, USA). All the samples had a 17 OD260/OD280 ratio higher than 1.8. One µg of total RNA, pre-treated with 1 µl RQ1 RNase-18
Free DNase (Promega, Madison, WI, USA), was used for RT reaction, which was performed 19 Table  5 IIA. 18S, β-actin and cyclophilin A were used as endogenous controls. The geometric mean of 6 these three endogenous controls was used for normalizing of the mRNA levels for the gene of 7 interest (Vandesompele et al. 2002) . Relative gene expression was calculated using a ΔΔC T 8 method, with the non-pregnant group as control. The geometric mean of C T of endogenous 9 controls was subtracted from the C T of the respective gene, followed by subtraction of the 10 median control group ΔC T value, giving the ΔΔC T. The amount of products doubles in each 11 cycle, so the relative gene expression was calculated with the formula 2 -ΔΔ C T, given in the 12 manufacturer's instructions. Serial dilutions of placental cDNA made from purchased total 13 RNA (Ambion, Austin, TX, USA) were added to each plate for validation of the experiment. 14 15
Protein extraction 16
Following the tissue homogenization, 1 ml of phosphate-buffered saline (PBS), including 17 0.01% Triton X-100 (Sigma-Aldrich Chemie Gmbh, Steinheim, Germany) and protease 18 inhibitor cocktail 25 Complete TM (Boehringer Mannheim GmbH, Ingelheim, Germany), was 19 added. After centrifugation at 10000g, 4 o C for 10 min, the supernatant was retrieved and 20 stored in aliquots at -70 o C until analyzed. 21
Total protein concentration was determined using a BCA protein assay kit (Pierce Chemical  22 Co., Rockford, IL, USA) according to the manufacturer's instructions. interpolated from the standard reference curve provided with each kit. The sensitivity of the 6 kits was 0.11 pg/ml for IL-4, 0.5 pg/ml for IL-10 and IL-12, 12.5 pg/ml for IL-18. The 7 concentrations of the cytokines were normalized against the total protein concentration. 8 9
Immunohistochemical staining 10
The biopsies were sectioned, mounted on Menzel-gläzer SUPERFROST® PLUS glasses 11 (Menzel GmbH&Co KG, Braunschwieg, Germany) and stained using the MACH3 TM Mouse-12
Probe HRP Polymer Kit (Biocare Medical, CA, USA). The slides were pre-heated for one 13 hour at 60 o C. Thereafter, deparaffinization and antigen retrieval was performed in a 2100 14 
Evaluation of the immunohistochemical stainings 5
For all immunohistochemical examinations, the immunoreactivity was checked in the 6 squamous epithelium, the glandular epithelium, the vascular endothelium and five fields 7 in the stroma. A semiquantitative scale from 0 to + + + was used. The evaluation was 8 performed blindly by three independent investigators (A.D., G.C. and E.A.) using 9 conventional light microscopy. The mean was calculated from evaluations of all three 10 observers and further used for statistical analysis. 11 12
Statistical analysis 13
Two independent groups were compared utilizing the Mann-Whitney U test. When more than 14 two groups were compared, the Kruskal-Wallis test was applied, followed by multiple 15 comparison with Dunns correction. Spearman's rho was utilized for analyzing non-parametric 16 correlations. Fisher's exact test was used to test for non-random associations. In all cases a p-17 value of <0.05 was considered to be statistically significant. group, where 33% of the samples were positive for IL-4 mRNA (p<0.05) (data not shown). 5
The mRNA expression of IL-10 was higher in the laboring groups, with 2-fold higher levels 6 in the PTL group (p<0.05) and 3-fold higher levels in the TL group (p<0.001) than in the 7
TnotL group ( Figure 1A) . 8
Similarly to IL-4, IL-13 mRNA expression was low or undetectable in all the samples. 9
Nevertheless, IL-13 was detected more often in the laboring groups (9 of 16 in PTL, 10 of 24 10 in TL) and not at all in any of 10 samples in the TnotL group (p<0.05) (data not shown). 11
Pro-inflammatory cytokines 12
Both IL-1α and IL-1β mRNA expression was high in the laboring groups. Compared with the 13 NP group, IL-1α mRNA expression was four times higher in the PTL group and seven times 14 higher in the TL group (p<0.05) ( Figure 1B ). The mRNA expression of IL-1β showed a 15 similar pattern with 22-fold higher expression in PTL (p<0.01) and 20-fold higher expression 16 in TL (p<0.001) compared to the TnotL group ( Figure 1C ). IL-1β mRNA expression was 17 also significantly higher in the laboring groups than in the NP group (p<0.05). 18
As against this, IL-12a mRNA expression was significantly lower in both the TL and the PTL 19 group than in the TnotL (p<0.001 for PTL, p<0.01 for TL) and the NP group (p<0.01) (Figure  20 1D). Moreover, IL-12a mRNA expression was 2-fold lower in the PTL than in the TL group 21 (p<0.05). IL-12b mRNA expression was generally low or undetectable in all the samples with 22 no differences between the groups (data not shown). 23 Similarly to IL-12, IL-18 mRNA expression was lower in the PTL (p<0.05) and in the TL 1 group (p<0.001) than in the TnotL ( Figure 1E ). The mRNA expression in the NP group was 2 also significantly lower than in the TnotL (p<0.05). 3
Apart from IL-12a mRNA expression and IL-4 mRNA detection frequency, there were no 4 differences in mRNA expression comparing PTL and TL groups. There was no correlation 5 between cytokine levels and gestational age. Subgroup analysis revealed no differences 6 associated with positive vaginal and/or urinary cultures or PPROM. We observed positive 7 correlations between the mRNA levels of IL-10 and IL-1β (rho=0.6, p<0.0001), IL-18 and IL-8 12a (rho=0.38, p<0.01). There were negative correlations between mRNA expression of IL-10 9
and IL-18 (rho=-0.4, p<0.01), IL-18 and IL-1β (rho=-0.4, p<0.01), IL-12a and IL-1β (rho=-10 0.4, p<0.01). 11 12
Protein levels 13

Anti-inflammatory cytokines 14
The levels of IL-4 were generally low in all the samples, under 0.6 pg/mg protein. The 15 laboring groups had lower IL-4 concentrations than the TnotL and the NP groups (Figure 2A) , 16 although the difference was statistically significant only for the PTL group (p<0.05). Also, IL-17 10 concentrations were low or very low and there were no differences between the groups in 18 IL-10 concentration ( Figure 2B ). 19
Pro-inflammatory cytokines 20
IL-12 protein expression was generally low in all the samples, generally below 0.4 pg/mg 21 protein, and it was undetectable in 3 out of 13 samples in the PTL, in 2 out of 13 samples in 22 the TL and in all 4 samples in the NP group. There was a tendency towards lower IL-12 levels 23 in the laboring groups than in the TnotL group, statistically significant only for the PTL group 24 (p<0.01) ( Figure 2C) . 25 IL-18 concentrations were much higher than those of the other cytokines analyzed, ranging 1 from 5.28 till 429.5 pg/mg protein. There was a tendency towards higher IL-18 concentrations 2 in the laboring groups (PTL and TL) than in the TnotL group, while the highest IL-18 3 concentrations were seen in the NP group ( Figure 2D) . 4
We observed no differences between the PTL and TL groups in cytokine protein 5
concentrations. There was no correlation between cytokine levels and gestational age. 6
Analyzing the subgroups of the PTL, we observed a tendency towards lower levels of IL-4 7 and IL-18 in the PPROM group than in the rest of PTL group ( Figure 3A-B ). There were 8 significantly higher IL-4 levels in the subgroup with bacterial infection than in the subgroup 9 without infection (p<0.05) ( Figure 3C) . 10
There was a positive correlation between the levels of IL-18 and IL-4 (rho=0.35, p=0.04); and 11 a negative correlation between concentrations of IL-18 and IL-12 (rho=-0.54, p=0.0008). 12 was associated with microbial invasion of the amniotic fluid, intra-amniotic inflammation and 10 prompt delivery in preterm labor (Jacobsson et al. 2003) . 11
In our study, there was a discrepancy between mRNA and protein expression of IL-10 and IL-12 18. No differences in IL-10 protein levels were shown between the groups, but an 13 upregulation of mRNA of IL-10 in labor was seen. The mRNA of IL-10 could be upregulated 14 due to elevated pro-inflammatory cytokines during labor (Trautman et al. 1997 ). We find a 15 tendency towards higher levels of IL-18 protein in labor, but downregulation of mRNA. This 16 could be a negative feedback mechanism -IL-18 mRNA could be downregulated due to 17 higher IL-18 protein levels. It could also be explained by temporal differences between 18 mRNA synthesis and protein expression and shorter half-life of mRNA than protein. 19 In conclusion, we demonstrate that the major changes in pro-inflammatory and anti-20 inflammatory cytokine mRNA and protein expression in the cervix occur during the labor 21 process irrespective of gestational age. There seems to be a Th1 bias in the laboring cervix. 22
However, higher IL-10 levels in cervical epithelium in preterm labor and higher levels of IL-4 23 in the group with bacterial infection suggest that dysregulation of anti-inflammatory cytokines 24 in the human cervix could be involved in the process of preterm labor. 25 Figure 5
